Abstract Antibody titers to several heat shock proteins
Introduction
The heat shock proteins (Hsps) are families of highly conserved protein chaperones that are expressed by cells in response to a variety of environmental stresses. Hsps have been classified into seven major families on the basis of their molecular mass and include: Hsp10 (HSPE), small Hsps [15-30 kDa, of which Hsp27 (HSPB1) is a member], Hsp40 (DNAJ), Hsp60 (HSPD), Hsp70 (HSPA), Hsp90 (HSPC), and Hsp100; Ghayour-Mobarhan et al. 2009 ). Among the factors that have been shown to induce Hsps are several known potential risk factors for cardiovascular disease (CVD). These include infection, inflammation, ischemia, oxidized low-density lipoprotein, oxidative stress, hypertension, and toxins (Morimoto 1993) . Therefore, there is a potential relationship between serum Hsps, their antibody concentrations, and CVD that has been the subject of several investigations in the past two decades. It has been shown that antibody titers to Hsp 60/65 are associated with the severity and progression of cardiovascular disease (Xu et al. 1999 (Xu et al. , 2000 Burian et al. 2001; Zhu et al. 2001) . Interest has been particularly focused on Hsp60 and Hsp70 (Xu et al. 1999 (Xu et al. , 2000 Burian et al. 2001; Zhu et al. 2001; Xu 2002; Mehta et al. 2005) , with little data on other Hsps.
Hsp27 is a member of the small Hsp family with an apparent molecular mass of approximately 27 Kda. It is expressed at high levels in a variety of normal tissues including the heart (Ciocca et al. 1993; Tallot et al. 2003) . In addition to its function as a chaperone, Hsp27 may also be cardio-protective by other mechanisms that include increasing myocardial resistance to oxidative stress and has an effect on apoptosis (Martin et al. 1997; Vander Heide 2002; Ferns et al. 2006) . Furthermore, there is evidence indicating the role of Hsp27 phosphorylation in the migration of smooth muscle cells (Hedges et al. 1999) .
Several studies have indicated that over-expression of Hsp27 protects cardiac myocyte against ischemic injury (Yamboliev et al. 2000; Vander Heide 2002) . Hsp27 has also been shown to promote cell protection and survival during inflammation by regulating the expression of proand anti-inflammatory genes (De et al. 2000 and Park et al. 2003) . There is a body of evidence on the role of inflammation in the pathophysiology of atherosclerosis and coronary artery disease (CAD; Sarwar et al. 2009; Corrado et al. 2010) . Since inflammation and ischemia may induce Hsp27 expression, it seems plausible that myocardial ischemia and heightened inflammatory state in CAD are associated with increased intracellular and plasma concentrations of Hsp27, and this may lead to an auto-immune response. While Hsp27 may be released into the blood stream as a consequence of myocardial necrosis, Hsp27 is also thought to be secreted from the cells via non-classical protein secretion pathways (Thery et al. 1999; Skokos et al. 2003; De et al. 2004; Lancaster and Febbraio 2005) .
There have only been two previous reports on the relationship between Hsp27, in patients with acute cardiac chest pain (Ghayour-Mobarhan et al. 2008 ) and patients with acute coronary syndrome (Bluhm et al. 1998 ). The present study aimed to investigate whether serum antiHsp27 titers were related to the extent of coronary artery disease in patients with angiographically defined CAD and whether concentrations of this antibody were higher in patients with established disease from those without.
Methods

Study population
The study participants were selected from those subjects who underwent coronary angiography in the Ghaem Hospital (Mashhad, Iran). Angiography was indicated principally for stable angina, in patients who were positive for at least one objective test of myocardial ischemia including: exercise stress test, dobutamin stress echocardiography, and thallium SPECT (single photon emission computed tomography). Almost all patients were on statin treatment. Patients who were on oral contraceptives or hormone replacement therapy as well as pregnant women were excluded from the study. None of our subjects had a prior history of coronary angioplasty or coronary artery bypass graft. None of the subjects had overt clinical features of infection or chronic inflammatory disease, and all subjects were negative for HBs antigen, anti-HCV antibody, and anti-HIV antibody.
Coronary angiograms were performed using routine procedures. Analysis of the angiograms was performed offline by a specialist cardiologist. The presence of one or more stenoses ≥50% in diameter of at least one major coronary artery (left main, right coronary artery, left anterior descending, circumflex) was considered evidence of significant CAD (CAD + ; Marroquin et al. 2004) . Patients in whom stenoses <50% in diameter were identified were considered to have a normal angiogram (CAD − ). The CAD + patients were classified according to the number of significantly affected stenotic vessels into: onevessel (n=100), two-vessel (n=100), and three-vessel (n=100) disease groups. 
Anthropometric and other measurements
For all patients, anthropometric parameters including weight, height, and body mass index (BMI) were measured. Weight was measured with the subjects dressed in light clothing after an overnight fasting using a standard scale. Blood pressure was measured twice while the patients were seated and rested, using a standard mercury sphygmomanometer. The systolic blood pressure was defined as the appearance of the first sound (Korotkoff phase 1), and the diastolic blood pressure was defined as the disappearance of the sound (Korotkoff phase 5) during deflating of the cuff. BMI was calculated as weight (in kilograms) divided by height squared (in square meters).
Routine biochemical analysis
A full fasted lipid profile was determined for each subject. Serum lipid and fasting blood glucose (FBS) concentrations were measured by enzymatic methods. High-sensitivity Creactive protein (hs-CRP) was measured by a PEGenhanced immunoturbidimetry method with an Alcyon® analyzer (ABBOTT, Chicago, IL, USA).
Serum anti-Hsp27 assay
Serum Hsp27 antibody titers were measured using an inhouse enzyme-linked immunosorbent assay (ELISA; Ghayour-Mobarhan et al. 2008) . Briefly, micro-titer plates were coated with 100 ng per well recombinant human Hsp27 dissolved in 50 μl carbonate buffer pH 9.6 incubated for 18 h at 4°C under humidified conditions. The wells were washed three times in wash buffer phosphate-buffered saline (PBS) containing 0.05% Tween-20. Non-specific binding was reduced by blocking each well with 2% goat serum in PBS, and 250 μl was added to each well and then incubated for 30 min in 37°C and 30 min at room temperature. Wells were washed three times with PBS. Serum was diluted 1:100 with 2% goat serum in PBS, and 100 μl was added to the each well in duplicate and then incubated for 30 min at room temperature. After washing (four times in wash buffer and two times in PBS), 100 μl peroxide conjugated-goat anti-human IgG (Sigma-Aldrich, Poole, UK) diluted 1:500 with 2% goat serum in PBS was added to each wells and incubated for 30 min at room temperature. After washing (four times in wash buffer and two times in PBS), 100 μl of tetramethylbenzidine (TMB) substrate [100 μl of 6 mg/ml TMB in DMSO was added to 10 ml of 50 mM acetate buffer, pH 4.5, containing 3 μl H 2 O 2 ] was added per well and plate incubated for 15 min in the dark at room temperature.
Statistical analysis
All statistical analyses were performed using the SPSS for Windows™, version 11.5 software package (SPSS Inc., Chicago, IL, USA). Data were expressed as means±SD or median and interquartile range (in the case of anti-Hsp27). Group comparisons were performed using ANOVA or Kruskal-Wallis (in case of non-normally distributed data such as anti-Hsp27) test. Categorical data were compared using Chi-square test. A two-sided P value<0.05 was considered statistically significant. Bivariate correlations between different parameters and anti-Hsp27 titers were performed using Spearman's rank correlation. Stepwise multiple linear regression analysis was used to determine which of the conventional risk factors could influence antiHsp-27 IgG concentrations (expressed as optical density values). Anti-Hsp27 IgG titers were entered into the model after a square root transformation. The predictor variables classified as dichotomous (1=yes/0=no) including diabetes mellitus, hyperlipidemia, hypertension, and smoking were entered into the initial model. Height, weight, FBS, waist circumference, hip circumference, hs-CRP, high-density lipoprotein (HDL), systolic blood pressure, and number of narrowed vessels (VD) were entered as continuous variables in the same model. Data for age and gender were not included since the patients and healthy subjects were matched for these parameters.
Results
Demographic characteristics
The three subject groups (CAD + , CAD − , and control) were well-matched for age and gender ratio. There was no significant difference in BMI and waist/hip ratio between the groups. However, weight in the CAD + group (p<0.05), and height, waist circumference, and hip circumference in both CAD + (p<0.01, p<0.001 and p<0.001, respectively) and CAD -(p<0.05, p<0.001 and p<0.001, respectively) groups were significantly higher than those of the control group. With respect to blood pressure, mean systolic blood pressure was significantly higher in CAD + and CAD − groups compared with the control group (p < 0.001). However, no significant difference was observed in diastolic blood pressure between the three groups (p>0.05). CAD + patients had significantly higher serum CRP and FBS values compared with CAD − (p<0.001 and p<0.01, respectively) and control groups (p<0.01 and p<0.001, respectively). CAD − patients had also higher FBS than control subjects (p<0.05). Finally, no significant difference in lipid profile parameters (HDL-C, LDL-C, and triglycerides) was observed among the three groups (p>0.05, Table 1 ) which may be partially because of statin treatment in both groups. In regard to the subgroups of CAD + patients with different number of stenosed vessels [one-vessel disease (1VD), two-vessel disease (2VD), and three-vessel disease (3VD)], no significant difference in demographic parameters was observed between different subgroups (p<0.05, Table 2 ). Demographic characteristics of study subjects are summarized in Tables 1 and 2 .
Anti-Hsp27 titers in relation to the CAD Serum IgG antibody titers to Hsp27 were significantly higher in the CAD + group compared to CAD − and control groups (p<0.001). CAD − subjects also had significantly higher titers compared with the control group (p<0.001, Fig. 1 ). With respect to associations with the severity of CAD, serum anti-Hsp27 titers were found to be significantly elevated in CAD + patients with 3VD compared with subgroups with 1VD and 2VD (p<0.05). However, no significant difference was observed between 1VD and 2VD subgroups (p>0.05, Fig. 2 ).
Correlations between serum IgG anti-Hsp27 titers and CVD risk factors On bivariate analyses, serum anti-Hsp27 titers were only significantly correlated with serum HDL-C (p<0.05) in the CAD + group, and height (p<0.05) in the CAD − group.
However, in the control group, significant correlations were found between serum anti-Hsp27 titers and serum FBS (p<0.01) as well as anthropometric parameters including weight (p< .01), height (p <0.05), and BMI (p <0.05, Table 3 ).
Association between serum anti-Hsp27 IgG titers and CVD risk factors
In stepwise multiple linear regression analysis, only the number of VD (β, 0.042; p<0.001) and smoking (β, 0.065; p<0.01) were found to have a significant independent association with serum anti-Hsp27 titers. The regression model yielded the following equation for the prediction of serum IgG anti-Hsp27 titers. Predicted IgG anti Hsp27 titer ¼ 0:510 þ 0:042 ÂVD þ 0:065 Â smoking yes present or past habit or addiction ð Þ ¼ ½ 1=no ¼ 0
Discussion
According to the findings of the present study, serum antiHsp27 titers were elevated in patients with angiographically defined CAD compared with healthy control subjects and patients with suspected CAD but with less than 50% coronary stenosis. The present findings are in conformity with our a priori hypothesis. Considering inflammation and ischemia as inducers of Hsp27 expression (Bluhm et al. 1998; Yamboliev et al. 2000; Vander Heide 2002) and Hsp27 as a protein which is expressed at high concentrations in the heart (Ciocca et al. 1993) , it may be anticipated that cardiomyocytes in patients with documented CAD contain Values are presented as mean±SD. FBS fasting blood sugar, BMI body mass index, LDL-C low-density lipoprotein cholesterol, HDL-C highdensity lipoprotein cholesterol, TG triglycerides, hs-CRP high-sensitivity C-reactive protein, SBP systolic blood pressure, DBP diastolic blood pressure higher intracellular concentrations of Hsp27 and as a result, increased extracellular release of Hsp27 into blood stream may occur. Moreover, despite lacking any identified signal sequence in Hsps, their secretion from eukaryotic cells is not a rejected hypothesis as non-classical protein secretion pathways might come into play. Notably, one such a mechanism has been identified which is via exosomes (50-100-nm membrane vesicles; Thery et al. 1999; Skokos et al. 2003; De et al. 2004; Lancaster and Febbraio 2005) . These increased extracellular concentrations may stimulate the immune response resulting in the rise of anti-Hsp27 titers.
As far as we are aware, serum anti-Hsp27 status has not been investigated specifically in CAD patients. Among related studies are those of Józefowicz-Okonkwo et al. (2009) , Kardys et al. (2008) , and Park et al. (2006) which are discussed further below: all of these studies have investigated serum Hsp27 antigen concentrations rather than antibody titers. The findings of the first study, which was performed in 62 patients with CAD and 21 healthy controls, implied that plasma Hsp27 concentrations are significantly higher in patients with 2VD or 3VD CAD compared with patients with 1VD CAD or healthy control subjects. In this study, the authors did not observe a significant difference in plasma Hsp27 between patients with 1VD, 2VD, and 3VD, but when 2VD and 3VD subgroups were combined, the difference with the 1VD subgroup reached statistical significance. Furthermore, they did not find any significant correlation between the grade of CAD severity (defined using the Gensini scale) and plasma Hsp27 concentrations. However, in the same study, it was stated that the Gensini scale may not reliably predict the extent of myocardial inflammation and ischemia if a collateral circulation is present (Józefowicz-Okonkwo et al. 2009 ). The second study (Kardys et al. 2008 ) had a prospective, nested design and was performed among initially healthy women. No significant association was reported between baseline plasma Hsp27 concentrations and incident cardiovascular events (including non-fatal MI or ischemic stroke and cardiovascular death) during a period of 5.9 years follow-up. This finding is in contrast with those of other studies reporting higher circulatory Hsp27 or anti-Hsp27 levels in patients with CAD or acute coronary syndrome. The inconsistency between the findings of this latter study and others may be due to its prospective design. It is possible that there is a shorter temporal relationship between high serum levels of Hsp27 antigen and its antibody with overt coronary disease, as the latter are predicated on the presence of inflammation and ischemia. The participants in the latter study were exclusively women, who were aged ≥45 years (mean age of 61 years). The results of this study may not be generalizable to the whole population as previous studies have indicated that Hsp27 expression is influenced by estrogen (Ciocca et al. 1993; Porter et al. 1996) . The third study also reported increased plasma levels of Hsp27 and Hsp70 in patients with acute coronary artery disease compared with the healthy reference group (Park et al. 2006) . The authors concluded that risk factors for CAD may not be related to the increased plasma Hsp27 because the plasma Hsp27 levels of a group of subjects with CAD risk factors but no symptomatic coronary stenosis were not different compared with those of the healthy reference group.
All these previous reports have evaluated the serum concentrations of Hsp27 antigen rather than Hsp27 antibody. There have been numerous previous reports on the (Xu et al. 1999 (Xu et al. , 2000 Burian et al. 2001; Zhu et al. 2001; Kocsis et al. 2002; Wysocki et al. 2002) . For instance, a prospective study has indicated that antibody titers to Hsp60 are predictive of cardiovascular events (Huittinen et al. 2002) . However, compared with the Hsp60 and Hsp70 families, there are few clinical data is available for anti-Hsp27 in CVD. Two previous studies have reported elevated antiHsp27 titers in patients with acute cardiac chest pain (Shams et al. 2008 ) and acute coronary syndrome (in the first 12 h following the onset of chest pain; GhayourMobarhan et al. 2008 ). In addition, serum anti-Hsp27 antigen and antibody titers (IgM and IgG) have been reported to be related to the presence of cardiovascular complications in patients with glucose intolerance. This latter finding is consistent with the present findings as we have found a significant difference in the prevalence of diabetes mellitus among the groups, with the highest rate in the CAD + group (Pengiran Burut et al. 2010 ). In the present study, serum anti-Hsp 27 titers in the CAD − group were higher than those in the control subjects but lower than those of CAD + group. These elevated titers in the CAD − group who had <50% coronary artery stenosis-and therefore might have degrees of CAD (which may progress to overt CAD over time)-implies possible association between serum anti-Hsp27 and inflammation and extent of myocardial ischemia. More importantly, the high levels of serum anti-Hsp27 titers in CAD + and CAD − subjects as well as subjects with acute coronary syndrome (GhayourMobarhan et al. 2008) could be attributed to the underlying inflammatory vascular disease (e.g., atherosclerosis). The expression and phosphorylation of Hsp27 appears to be influenced by inflammation, and there is evidence indicating direction of Hsp27 expression and phosphorylation by cytokines (Hastie et al. 1997; Hatakeyama et al. 2002; Njemini et al. 2006 ). There are also several reports on the role of Hsp27 in regulating the inflammatory response via alterations in the expression of pro-and anti-inflammatory mediators (De et al. 2000 and Park et al. 2003; Sur et al. 2008; Liu et al. 2010 ). In the current study, we found that serum anti-Hsp27 titers are also related to the degree of CAD: with patients having triple-vessel disease having higher titers than those with single-or double-vessel disease. However, there was no significant difference in anti-Hsp27 titers between the subgroups of CAD + patients with one and two narrowed coronary arteries. As proposed by Józefowicz-Okonwo et al. (2009) , this could be due to the relatively small myocardial mass supplied by a single coronary artery, which may not be sufficient to induce significant increase in the intracellular and consequently, extracellular concentration of Hsp27.
Hence, serum Hsp27 antibody titers are increased in patients with CAD, and this may be due to the effects of inflammation and ischemia on Hsp27 expression (Bluhm et al. 1998; Vander Heide 2002; Yamboliev et al. 2000; Ferns et al. 2006) . Increased expression of several Hsps, including Hsp27, have been reported in infarcted heart tissue, and they are subsequently released into the circulation for several hours following myocardial ischemia (Knowlton 1995; Vander Heide 2002; Dybdahl et al. 2005) , rendering them accessible to the immune system.
In conclusion, the findings of the present study indicate that serum anti-Hsp27 titers are elevated in patients with angiographically defined CAD compared with those without established disease and healthy control subjects. In addition, patients with three-vessel disease had higher antiHsp27 titers compared with patients who had one or two affected vessels. Therefore, serum anti-Hsp27 titers may be associated with the presence and severity of coronary artery disease. Future prospective studies are warranted to clarify the prognostic value of these raised serum anti-Hsp27 titers in CAD + patients and their association with future cardiovascular events. In addition, the relationship between anti-Hsp27 titers and other known biomarkers of myocardial ischemia and inflammation remains to be elucidated.
